Introduction {#S0001}
============

Currently, sharp increases in cancer rates have been described. According to 29 cancer group reports, the global incidence of cancer has increased by approximately 10% between 1990 and 2016.[@CIT0001] Oral squamous cell carcinoma (OSCC) is the most common type of oral cancer, and 160,000 new OSCC cases have emerged in Asia.[@CIT0002] Numerous mutations in oncogenes and tumor suppressors, as well as the alterations in gene expression profiles, likely lead to the maladjustment of the cellular metabolism function in cancer cells. The focus of OSCC therapy has shifted to targeted therapy particularly in the roles of tumor cell proliferation and apoptosis at the genetic level. As more cancer-related genes and biomarkers are discovered, the curative effects of targeted therapy have enhanced the treatment of advanced OSCC. However, the mortality and recurrence rate of patients with OSCC remains high.[@CIT0003],[@CIT0004] Therefore, further elucidation of the molecular mechanisms might lead to novel therapeutic strategies for OSCC and improve the prognosis.

Human chromosome 7 is the first completed metacentric chromosome, and more than 153 million base pairs of this chromosome have already been explored.[@CIT0005] The genomic sequence has been associated with a number of diseases including cancer, diabetes, cystic fibrosis, obesity and so on.[@CIT0006]--[@CIT0009] Glioblastoma-amplified sequence (GBAS), also named 4-nitrophenylphosphatase domain and non-neuronal SNAP25-like protein homolog 2 (NIPSNAP2), a newly identified gene located on chromosome 7p12, encodes a protein that contains identifiable signal peptide, transmembrane motifs and two tyrosine phosphorylation sites.[@CIT0010] To date, some studies have described gene functions. As a member of the NIPSNAP family, GBAS has a mitochondrial targeting sequence (MTS) in the amino terminus, which is involved in the regulation of vesicle transport.[@CIT0011] In 2012, a role in transcriptional regulation was confirmed in a study by Brittain et al that identified a novel function for GBAS in a neuronal cell line and demonstrated its expression is closely related to CREB signaling and several downstream signals, which has been linked to Ca2+ influx.[@CIT0012] Additionally, increasing evidence indicates that GBAS may play critical roles in the genesis, progress and prognosis of human cancers via gene co-amplification.[@CIT0010] The gene is amplified in approximately 40% of glioblastomas. A previous study used RegulomeDB to predict the influence of single nucleotide polymorphisms (SNPs) on the expression of GBAS protein in tissue samples from patients with surgically resected early-stage non-small cell lung cancer (NSCLC).[@CIT0013] As far as we know, the deregulation of proliferation and apoptosis is generally considered a genetic marker of tumorigenesis. However, the biological function and molecular mechanism of GBAS remains unclear on this front.

Research had proved that unsatisfactory therapeutic outcomes and the poor prognosis associated with OSCC are related to some aberrantly activated signaling pathways, such as the p53 signaling pathway.[@CIT0014],[@CIT0015] The p53 signaling pathway is one of the most frequently activated signal transduction pathways in oral cancer but also in many other types of cancer and is responsible for the apoptosis and mitosis of tumor cells. Furthermore, the tumor suppressor gene p53 could regulate the expression of many apoptosis-related genes such as Puma, Noxa, Bax, Apaf1, Fas, Bcl-2.[@CIT0016],[@CIT0017]

In the present study, we report that GBAS expression is significantly upregulated in OSCC and clinical tissues. We subsequently observed that knockdown of GBAS inhibited cell viability, induced apoptosis of OSCC cells in vitro and disturbed the process of tumorigenesis in vivo. Moreover, we propose that one of the mechanisms of action of GBAS is through regulating the p53 signaling pathway, which is important in the development of OSCC. Our findings suggest that this gene could be a novel therapeutic target for OSCC.

Material and methods {#S0002}
====================

Cell lines and cell culture {#S0002-S2001}
---------------------------

Human oral cancer cell lines that included CAL-27 and Tca-8113 were purchased from the Cell Resource Center, Shanghai Institute for Biological Sciences, Chinese Academy of Science (Shanghai, China). Oral cancer cell lines were cultured in Dulbecco's modified Eagle's medium (Gibco, Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Gibco) and 1% penicillin-streptomycin. Cells were incubated in a 37C°, 5% CO2 humidified incubator.

Human tissue samples {#S0002-S2002}
--------------------

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of The College of Medicine, Affiliated Xuzhou Hospital, Southeast University (2009XL002). A group of 73 patients with histologically proven OSCC was recruited from September 2011 to July 2016. After surgical resection, the OSCC tissues and matched adjacent tissues samples were frozen and stored in liquid nitrogen until further use. Tumor, node, metastasis (TNM) stage was determined according to the classification of the World Health Organization (WHO). All the participants provided written informed consent for participating prior to surgery. In addition, an OSCC tissue microarray was obtained from the Shanghai Biochip Company Ltd. (Shanghai, China).

Immunohistochemical (IHC) assay {#S0002-S2003}
-------------------------------

Sections of OSCCs and adjacent normal oral tissues were prepared. After deparaffinization, antigen retrieval was performed by a heated antigen retrieval solution and incubated overnight with mouse anti-human GBAS monoclonal antibody (OriGene Technologies, Rockville, MD, USA) diluted 1:150 and followed by Rhodamine-conjugated secondary antibodies (Bioworld Technology, St. Paul, MN, USA). The anti-GBAS antibody was validated by the Human Protein Atlas (<http://www.proteinatlas.org/>) in samples from different organs. The negative control lacked the primary antibody. The percentage of cellular positivity was processed quantitatively by the Image J software. A descriptive analysis was performed by two independent pathologists who were blinded to the clinicopathological data.

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis {#S0002-S2004}
--------------------------------------------------------------------------------------------------

Total RNA was extracted from cells using the TRIzol^®^ reagent (Pufei, Cat. No. 3101--100, Shanghai, China) and cDNA was prepared by M-MLV Reverse Transcriptase (Promega, Cat. No. M1705, Madison, WI, USA). The cDNA generated was used as a template for the RT-qPCR reaction using SYBR Green Master Mixture (Takara, Otsu, Japan). The sequence of GBAS primers was as follows: 5ʹ-TTCGTAAGGCAAGAAGTGAC-3ʹ (forward) and 5ʹ-GTCGGAGTTGGTAAGACCTG-3ʹ (reverse). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal reference and the primer sequence was 5ʹ-TGACTTCAACAGCGACACCCA-3ʹ (forward) and 5ʹ-CACCCTGTTGCTGTAGCCAAA-3ʹ (reverse). The differences between samples were calculated using the 2-DCt values.

Vectors, retroviral infection and transfection {#S0002-S2005}
----------------------------------------------

The human GBAS gene-specific short hairpin RNA (shRNA) sequence was 5ʹ-TTCGTAAGGCAAGAAGTGAC-3ʹ (designed by Shanghai Genechem, Shanghai, China). A lentivirus (hU6-MCS-CMV-EGFP) that expressed the negative sequence was used as a negative lentivirus control (sh-Ctrl). The sequence was 5ʹ-TTCTCCGAACGTGTCACGT-3ʹ. The process of shRNA constructs consisted of synthesizing and cloning into the pGCSIL-green fluorescent protein (GFP) plasmid vector. Subsequently, shRNA transfection was generated in 293T packaging cells according to the protocol provided by the manufacturer. For lentivirus transfection, CAL-27 and Tca-8113 cells were seeded into 6-well plates at 3×10[@CIT0005] cells per cm^2^ and infected with GBAS-specific shRNA lentivirus or control lentivirus at a multiplicity of infection of 10. The efficiency was confirmed via fluorescence microscopy to observe the cells transfected with the GFP lentivirus 72 h after transfection.

Western blotting assay {#S0002-S2006}
----------------------

The cells were lysed in RIPA buffer supplemented with protease inhibitor and phosphatase inhibitor cocktails (Thermo Fisher Scientific, Inc.). The protein concentration was then measured with a BCA Protein Assay Kit (Beyotime, Shanghai, China). The total proteins were separated with SDS-PAGE and then electrically transferred to a PVDF membrane (Millipore, Billerica, MA, USA). After blocking with 5% skim milk, the membranes were incubated with specific primary antibodies at 4C° overnight. The membranes were washed with TBST and incubated with a secondary antibody for 1.5 h at room temperature. Finally, the membranes were incubated in Pierce™ ECL Western Blotting Substrate (Thermo Fisher Scientific, Inc.) before visualization. The primary antibodies used were as follows: mouse anti-GBAS (1:200, OriGene, TA505590, Rockville, MD, USA), rabbit anti-AKT1 (1:300, Abcam, ab183758, Cambridge, MA, USA), mouse anti-AKT2, rabbit anti-Bax (1:300, Abcam, ab175354 and ab32503, Cambridge, MA, USA), mouse anti-CHEK1 (1:300, CST, 2360, Danvers, MA, USA), and mouse anti-GAPDH (1:2000, Santa-Cruz, sc-32,233, Dallas, TX, USA). GAPDH was used as an internal reference.

Cell proliferation assays {#S0002-S2007}
-------------------------

CAL-27 and Tca-8113 cells were seeded into 96-well plates at the density of 2×10[@CIT0003] cells per well. Cells were incubated at 37 °C with 5% CO2 and then quantified autonomously once a day for 5 days. The proliferation of cells was assessed by the Celigo Imaging Cytometer (Nexcelom Bioscience, Lawrence, MA, USA).

MTT assay {#S0002-S2008}
---------

An MTT kit (Genview Cat. No. JT343, Beijing, China) was used for the cell proliferation assay, according to the manufacturer's instructions. Cells were inoculated into 96-well plates and 20 μL MTT reagent at a concentration of 5 mg/mL were added to each well and incubated for 4 h. After discarding the culture supernatant, 10 μL of dimethyl sulfoxide were added to dissolve formazan crystals. The absorbance was measured using a microplate reader (Tecan Infinite M200, Männedorf, Switzerland) at 490/570 nm.

Cell apoptosis analysis {#S0002-S2009}
-----------------------

The Annexin V-allophycocyanin (APC) apoptosis detection kit (eBioscience, Cat. No. 88--8007, San Diego, CA, USA) was used to detect cell apoptosis. OSCC cells transfected with GBAS-specific shRNA lentivirus or control lentivirus were harvested by trypsinization and resuspended in 1X binding buffer at a final density of 1×10[@CIT0006] cells per mL. After centrifugation, the deposits of cells were mixed with 10 μL Annexin V-APC and incubated for 15 min at room temperature. All the samples were assayed and quantified using a Guava EasyCyte Flow Cytometer (Millipore, Hayward, CA, USA).

Cell cycle analysis {#S0002-S2010}
-------------------

CAL-27 and Tca-8113 cells were fixed in ice-cold 75% ethanol and kept at 4 °C 1 h. The cells were then washed once with D-Hanks solution and resuspended with a cocktail of propidium iodide (PI, cat. no. P4170, Sigma-Aldrich, Shanghai, China), RNase concentrate (cat. no. EN0531, Fermentas), and D-Hanks solution at a ratio of 25:10:1,000. Flow cytometric data were acquired and analyzed using a FACSCalibur flow cytometer and CellQuest Research Software (BD Biosciences, San Diego, CA, USA).

In vivo xenograft tumor assay {#S0002-S2011}
-----------------------------

Four-week-old female BALB/c nude mice were purchased from Vital River Laboratory Animal Technology Co., Ltd (Beijing, China). All the procedures were performed in accordance with the specifications of an approved animal protocol of the Institutional Animal Care and Use Committee of the Peking University Health Science Center (LA2018-70). Pretreated CAL-27 cells (5x10[@CIT0006]) transfected with PSC14835 (NC) or LVpFU-GW-012PSC68722-1 (KD) were suspended in 200 μL PBS and then injected subcutaneously into the right axilla of nude mice (n = 10). After 8 days, the resulting tumors were measured with a caliper twice weekly. The tumor volume was calculated using the formula V=3.14/6 x length x width[@CIT0002] On day 26, the tumors were detected by the IVIS Imaging System (PerkinElmer, Waltham, MA, USA), the animals were euthanized, and the tumors were excised and weighed. The total radiant efficiency (photons/sec)/(μW/cm^2^) was determined by the Living Image software for the defined ROI area.

DNA microarray analysis {#S0002-S2012}
-----------------------

Total RNA extracted from the samples was screened for differentially expressed genes using an Agilent RNA 6000 Nano Kit (Santa Clara, CA, USA). The labeled RNA synthesis and hybridization to the Affymetrix GeneChip PrimeView Human Gene Expression Array was performed according to the manufacturer's instructions (Genechip 3ʹIVT express kit). The differentially expressed genes between the GBAS-specific shRNA and sh-Ctrl groups with FDR \<0.05 and a fold change \>1.5 were considered to be significantly differentially expressed. A pathway enrichment analysis was performed for all the significant differentially expressed genes using the Ingenuity Pathway Analysis (QIAGEN Redwood City, [www.qiagen.com/ingenuity](http://www.qiagen.com/ingenuity)).

Statistical analysis {#S0002-S2013}
--------------------

All the data were analyzed using the SPSS 17.0 Software (SPSS, Chicago, IL, USA) and GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, USA). The data are presented as the mean ± SD deviation and have been performed independently in triplicate. The continuous variables were compared using the two-tailed *t*-test and Mann--Whitney U test. The expression data of GBAS and clinicopathologic characteristics concerning OSCC were downloaded from The Cancer Genome Atlas (TCGA). A *P*-value of less than 0.05 indicated a statistically significant difference.

Results {#S0003}
=======

Aberrant upregulation of GBAS in OSCC tissues and the association with cancer progression and poor prognosis {#S0003-S2001}
------------------------------------------------------------------------------------------------------------

First, the mRNA expression profiles were analyzed between OSCCs and adjacent normal tissues. Compared with the adjacent normal tissues group, 1,002 genes were downregulated and 519 were upregulated in OSCC tissues. The log2 values of differentially regulated genes were normalized by Z-score and represented as a heat map ([Figure 1A](#F0001){ref-type="fig"}). The bioinformatics analysis showed that some genes may play a vital role in the proliferation of OSCC. To observe the effect of the genes on the proliferation of human OSCC, 17 genes were then silenced in OSCC cells and identified by high-content screening ([Figure 1B](#F0001){ref-type="fig"}). Compared with the control group, the cell proliferation rate was significantly inhibited in the experimental group of GBAS and TMEM5 knockdown ([Figure 1B](#F0001){ref-type="fig"}, C) cells. According to the gene annotation and uncharted gene function, we hypothesized the GBAS gene could be a potential target for abnormal regulation associated with OSCC, and there were no published reports found. After the GBAS-shRNA was transfected, the expression of GBAS in OSCC cells was measured by qRT-PCR. As is shown in [Figure 1D](#F0001){ref-type="fig"}, the expression level of GBAS mRNA significantly declined in the GBAS-shRNA group in contrast to that of the control group (*P*\<0.01).Figure 1Affymetrix microarray and high-content screening identified GBAS as a critical gene in the progression of OSCC.**Notes:** (**A**) Heat map showing gene expression profiles. Each row represents a gene and each column represents a sample. Red indicates high expression, whereas green indicates low expression. (**B**) A total of 17 genes were selected for validation by high-content screening. (**C**) Representative fluorescence images of high-content screening for GBSA and TMEM5. (**D**) The mRNA expression of GBSA by the qRT-PCR, \*\**P*\<0.01.**Abbreviations:** OSCC, oral squamous cell carcinoma; GBAS, glioblastoma amplified sequence; TMEM5, transmembrane protein 5.

A total of 73 patients, with a mean age of 57.8 years (range 27 to 84), were enrolled in the study. The clinical data available were gender, age, TNM stage, tumor size, tumor grade, lymph node metastasis, distant metastasis and local recurrence, as well as the IHC staining for GBAS shown in [Table 1](#T0001){ref-type="table"}. In the present study, the expression level of GBAS in OSCC tissues from 73 patients was significantly higher than that in normal adjacent tissues ([Figure 2](#F0002){ref-type="fig"}). Furthermore, the clinicopathological analysis indicated that GBAS was significantly correlated with tumor differentiation (*P*=0.002) and local recurrence (*P*\<0.01) in patients with OSCC. However, there was no significant relationship between GBAS expression levels and other features (*P*\>0.05, [Table 1](#T0001){ref-type="table"}). In summary, these findings suggest a novel potential link implicating GBAS with tumor growth and progression of OSCC.Table 1Association between GBAS expression and the clinicopathological characteristics in OSCC patientsCharacteristicNo. of patientsGBASχ^2^*P*-valueLow expression,\
n (%)High expression,\
n (%)Gender0.7140.398 Male5124 (32.88)27 (36.99) Female228 (10.96)14 (19.18)Age (years)0.0020.964 ≤603415 (20.55)19 (26.03) ≥603917 (23.29)22 (30.14)Tumor size (cm)1.7210.190 ≤53613 (17.81)23 (31.51) ≥53719 (26.03)18 (24.66)TNM stage0.7140.398 I + II5124 (32.88)27 (36.99) III + IV228 (10.96)14 (19.18)Tumor grade9.5910.002 G13321 (27.77)12 (16.44) G2/G34011 (15.07)29 (39.73)Lymph node metastasis0.3040.581 Yes4320 (27.40)23 (31.51) No3012 (16.44)18 (24.66)Distant metastasis0.3690.544 Yes189 (12.33)9 (12.33) No5523 (31.51)32 (43.84)Local recurrence14.656\<0.001 Yes399 (12.33)30 (41.10) No3423 (31.51)11 (15.07) Figure 2Representative figures of immunohistochemical staining for GBAS in OSCC tissues and paired adjacent normal tissue.**Abbreviation:** OSCC, oral squamous cell carcinoma.

Knockdown of GBAS inhibits cell growth and proliferation in OSCC cell lines {#S0003-S2002}
---------------------------------------------------------------------------

GBAS knockdown in OSCC cell lines was established using a lentiviral delivery system, and the efficiency of gene knockdown was verified at both the protein and mRNA levels. The MTT assay demonstrated that compared with the control cells, cell growth was significantly suppressed in CAL-27 and Tca-8113 cells with stable knockdown of GBAS by shRNA transfection at different time points (*P*\<0.01; [Figure 3A](#F0003){ref-type="fig"}, B). Additionally, the Celigo analysis results also showed that cells treated with sh-GBAS were less viable than cells treated with sh-Ctrl using a fluorescence imaging system (*P*\<0.01; [Figure 3C](#F0003){ref-type="fig"}, D).Figure 3Knockdown of GBAS inhibits the cell viability of 2 OSCC cell lines (CAL-27, Tca-8113).**Notes:** (**A**, **B**) MTT assay showed that the cell viability of CAL-27 (**A**) and Tca-8113 (**B**) was significantly inhibited after decreasing the expression of GBAS by sh-GBAS. (**C**, **D**) Celigo analysis was used to determine the cell viability of CAL-27 (**C**) and Tca-8113 (**D**) by the treatment of sh-GBAS. In all above experiments, the data were performed independently in triplicate and presented as mean ± SD, \*\**P*\<0.01.**Abbreviations:** OSCC, oral squamous cell carcinoma; GBAS, glioblastoma amplified sequence.

Knockdown of GBAS induces apoptosis and inhibits cell cycle progression in OSCC cell lines {#S0003-S2003}
------------------------------------------------------------------------------------------

The fact that multiple forms of apoptosis account for cancer cell death and that these individual forms of cell apoptosis have different mechanisms in different tissues makes assessing cell apoptosis complicated. To evaluate the influence of GBAS knockdown on the apoptosis of OSCC cells, flow cytometry and AnnexinV staining were performed. Compared with controls, knockdown by sh-GBAS significantly increased the proportion of apoptotic cells in CAL-27 (3.10±0.07% vs 9.70±0.21%, *P*\<0.01; [Figure 4A](#F0004){ref-type="fig"}) and Tca-8113 (4.31±0.22% vs 27.87±0.41%, *P*\<0.01; [Figure 4B](#F0004){ref-type="fig"}). The results revealed that the introduction of sh-GBAS significantly increased the induction of apoptosis in OSCC cells. Furthermore, flow cytometry was used to explore whether GBAS also regulates the cell cycle. Data proved that sh-GBAS induced a dramatic alteration in the cell cycle distribution in both CAL-27 and Tca-8113 cells. As shown in [Figure 4C](#F0004){ref-type="fig"}, the cell ratio in the G1 phase increased significantly (*P*\<0.01) and the cell ratio in the S and G2/M phase decreased significantly in the sh-GBAS group in comparison with that in the control group of CAL-27 cells (*P*\<0.05). The inhibition of GBAS gene expression arrested CAL-27 cells in the G1 phase, at the same time the cell ratio was reduced in the S and G2/M phases, resulting in the increase of CAL-27 cells being inhibited. In Tca-8113 cells, we also found that the S phase cell fraction was significantly decreased and induced a G2/M cell cycle arrest (*P*\<0.01; [Figure 4D](#F0004){ref-type="fig"}). Compared with the control cells, the sh-GBAS cells are characterized by cell cycle arrest and dysregulation.Figure 44 Knockdown of GBAS influences the cell viability of 2 OSCC cell lines (CAL-27, Tca-8113).**Notes:** (**A**, **B**) Apoptosis was determined by flow cytometry assays in CAL-27 (**A**) and Tca-8113 (**B**) with GBAS silence and control cells. The apoptotic rate was calculated as the percentage of Annexin FITC positive cell. (**C**, **D**) Flow cytometry was also used to analysis the cell cycle of CAL-27 (**C**) and Tca-8113 (**D**) by the treatment of sh-GBAS. In all above experiments, the data were performed independently in triplicate and presented as mean ± SD, \**P*\<0.05 and \*\**P*\<0.01.**Abbreviations:** OSCC, oral squamous cell carcinoma; GBAS, glioblastoma amplified sequence; FITC: fluorescein isothiocyanate.

Knockdown of GBAS contributes to OSCC progression in vivo {#S0003-S2004}
---------------------------------------------------------

To investigate the in vivo oncogenic role of GBAS in OSCC, we first established a xenograft tumor model of CAL-27 cells in Balb/c nude mice. First, the negative control (NC) and GBAS knockdown (KD) OSCC cells transfected with GBAS shRNA lentiviruses were injected in the subcutaneous tissue at the right armpit of nude mice. As shown in [Figure 5A](#F0005){ref-type="fig"}, compared with the NC group, tumor growth in the KD group was significantly suppressed. The final tumor volume at 26 days was 1628.21±375.62 mm^3^ in the NC group, whereas the volume in the KD group was 162.21±44.19 mm^3^ (*P*\<0.01; [Figure 5B](#F0005){ref-type="fig"}). After sacrifice, the average tumor weight of the NC group was significantly heavier than that in the KD group, which presented no tumor growth ([Figure 5C](#F0005){ref-type="fig"}). To determine the tumor growth in vivo, we utilized the xenograft model of OSCC by injection of firefly luciferase transduced CAL-27 cells into the right armpit. Images taken from mice representing the groups reveal a markedly reduced fluorescent signal in GBAS knockdown mice relative to that of the NC mice at the end of the experiments (total radiant efficiency: 9.09×10^7^ vs 2.08×10^9^, respectively, *p *= 0.003; [Figure 5D](#F0005){ref-type="fig"}, E). The findings seemed to be consistent with the in vitro results, and the knockdown of GBAS expression diminished OSCC cell growth in vivo.Figure 5Knockdown of GBAS in CAL-27 cells inhibited tumorigenicity in nude mice. sh-GBAS or sh-Ctrl transfected cells were transplanted into inoculated subcutaneously into nude mice for up to 26 days (n = 10).**Note:** (**A**) After scarification, xenograft tumors in vivo and excised tumors were recorded. (**B**) Tumor volume was estimated based on the following equation: volume =1/2 × (largest diameter) × (smallest diameter)2 and data were shown as mean ± SD (n = 10 in each group), \*\**P*\<0.01. (**C**) Tumor weight was obtained at the end of experiment and was displayed as mean ± SD (n = 10 in each group), \*\**P*\<0.01. (**D**) Tumor growth was systemically administered and monitored by FI. At the end of the experiments, tumor tissues were exposed to FI. Images represent the radiant efficiency. (**E**) Regions of interest calculated for the tumor and results were expressed as total radiant efficiency (\[p/s\]/\[μW/cm2\]), \*\**P*\<0.01.**Abbreviations:** GBAS, glioblastoma amplified sequence; NC, normal control; KD, knockdown; Avg, average; FI, fluorescence imaging.

Network identification and functional enrichment analysis of GBAS {#S0003-S2005}
-----------------------------------------------------------------

Upon analyzing the differential expression pattern of genes in the GBAS knockdown cells and negative control cells, the present study identified a number of key genes including eukaryotic translation elongation factor 1 (EEF1), checkpoint kinase 1 (CHEK1) and AKT2, which were significantly downregulated, in addition to TP53, Bax and Fas cell surface death receptor (FAS), which were significantly upregulated in OSCC ([Figure 6A](#F0006){ref-type="fig"}). An Affymetrix GeneChip PrimeView Human Gene Expression Array was also adopted to discover changes in expression of the proteasome pathway-related gene set. The findings indicated that the differentially expressed genes were involved in carcinogenesis pathways. Following GBAS function and pathway enrichment analysis, some fundamental biological signaling pathways, such as p53 signaling, interferon signaling and the sumoylation pathway were potentially regulated (Z-score≥2). Surprisingly, some differentially expressed genes related to the pathogenesis of OSCC and also lead to the subsequent response of the p53 signaling pathway.Figure 6IPA identified proteins networks showing inter-relationships and pathways.**Note:** (**A**) Network analysis revealed that some genes may be activated by GBAS (NIPSNAP2) and its partners. Binding partner proteins were uploaded into the IPA and the top biological networks generated a global view. (**B**) The altered pathways were demonstrated. Orange marks indicated activated (Z-score\>0) and the blue marks indicated suppressed pathways (Z-score\<0).**Abbreviations:** GBAS, glioblastoma amplified sequence; IPA, ingenuity pathway analysis; NIPSNAP2, 4-nitrophenylphosphatase domain and non-neuronal SNAP25-like protein homolog 2.

Knockdown of GBAS interferes the p53 signaling pathway in OSCC {#S0003-S2006}
--------------------------------------------------------------

Based on the above analysis, we hypothesize that GBAS downregulation may suppress the p53 signaling pathway. p53 signaling is a key player in mammalian cancer development. Activation of the transcription factor p53 through DNA damage or other stress can result in cell cycle arrest, apoptosis, or both. In agreement with this hypothesis, we detected CHEK1 expression and a series of the downstream genes in the p53 signaling pathway, for instance, AKT1, AKT2 and Bax. As illustrated in [Figure 7A](#F0007){ref-type="fig"}, the results of the present study demonstrated that p53-associated proteins AKT1, AKT2, Bax and CHEK1 levels had a certain degree of difference in the GBAS-silenced cells compared with those in the control cells. Additionally, we performed qRT-PCR to determine mRNA expression levels, which also supports the above results ([Figure 7B](#F0007){ref-type="fig"}). Therefore, these results not only verified the hypothesis but also laid out the potential mechanism of GBAS in OSCC.Figure 7The expression of AKT1, AKT2, Bax, CHEK1 and GBAS by the qRT-PCR and western blotting in tumor tissues in the sh-GBAS groups.**Note:** (**A**) The protein expression of AKT1, AKT2, Bax and CHEK1 by western blotting. GAPDH was used as a loading control. (**B**) The mRNA expression of AKT1, AKT2, Bax, CHEK1 and GBAS by the qRT-PCR. Histogram representing indicated the results of three independent experiments \*\**P*\<0.01.**Abbreviations:** GBAS, glioblastoma amplified sequence; AKT1, AKT serine/threonine kinase 1; AKT2, AKT serine/threonine kinase 2; Bax, BCL2 associated X; CHEK1, checkpoint kinase 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; RT-PCR, reverse transcription-polymerase chain reaction; NC, normal control; KD, knockdown.

Discussion {#S0004}
==========

In the present study, genes were differentially expressed between OSCCs and normal oral tissues using Affymetrix microarrays, of which 1,002 genes were downregulated and 519 were upregulated in tumor tissues. To foster the systematic identification of novel genes with important functional roles in OSCC, we sought to select the highly relevant novel candidate genes by high-content screening. Among them, the GBAS gene has been found to regulate cell proliferation and apoptosis, which had never been reported before in OSCC. Nevertheless, the gene coamplifies with epidermal growth factor receptor (EGFR) in multiple carcinomas, with the encoded protein expression increasing.[@CIT0010] EGFR is highly expressed in 90% of head and neck squamous cell carcinoma patients and is crucial for proliferation, migration, DNA synthesis and adhesion.[@CIT0018] Previous research has shown that gene mutations in EGFR are probably associated with protein function and tumor formation.[@CIT0019],[@CIT0020] However, little is known about the amplification, mutation and rearrangement of the gene, especially in OSCC. Thus, more effort should be devoted to fully elucidate the biological role and potential molecular mechanisms of GBAS.

To further determine the variations of tumor-related genes in OSCC and elucidate their correlation with clinical features and prognostic factors, the present study revealed the expression of GBAS in OSCC specimens and the adjacent normal tissues, and GBAS expression was significantly associated with tumor differentiation and local recurrence in OSCC patients. Considering the property of proliferation of OSCC cells, it was hypothesized that GBAS may be a probable gene to be related to disease progression. Unfortunately, a survival analysis could not be obtained because of insufficient patient follow-up data. Next, we further verified the function of GBAS in OSCC cells by loss-of-function approaches. Downregulation of GBAS could restrain cell proliferation and induce apoptosis in OSCC cell lines in vitro, as well as suppress tumor growth in vivo. Based on this observation, we then analyzed the function of the gene. As we know from previous research, GBAS may be located in the outer mitochondrial membrane or the inner membrane space.[@CIT0021] Recently, the cellular localization of genes has risen a large interest in the study of cellular function. Mitochondrial dysfunction has been described in tumor and cancer tissues, and it has been generally thought that the mitochondrial superoxide production could be of tremendous importance for cell proliferation and apoptosis.[@CIT0022] Mitochondria-targeted chemotherapeutics has been considered as the potential source of antitumor compounds. Kluza et al have found that the drug-induced changes of the mitochondrial mass showed significant differences between cancer cells and non-neoplastic cells.[@CIT0023] Moreover, results from an in vitro study indicate that a mitochondria-targeted drug may be a promising agent for the treatment of cancer since it is selectively toxic to cancer cells and harmless to normal cells.[@CIT0024] A study also lends credence to the belief that the mitochondria-dependent pathway can play an important role in suppressing the proliferation and migration of human oral cancer cells. Interestingly, p53, the tumor suppressor gene, is closely related to the course.[@CIT0025] To our surprise, the p53 signal pathway was activated when the expression of GBAS decreased, which was compared in multiple pathways using gene-set enrichment analysis by IPA. Thus, we hypothesize that mitochondrial dysfunction caused by the abnormal expression of GBAS possibly influences the formation and development of OSCC.

Beyond the functions related to cell proliferation and apoptosis, current flow cytometry data also demonstrated that GBAS facilitates cell cycle progression. Since the percentage of sh-GBAS cells in S-phase decreased significantly, we propose that GBAS regulates the progression through the S phase. The results coincide with microarray data, and the regulation effect of the GBAS gene may be through intricate signal pathways. This hypothesis is consistent with a role for the other members of the NIPSNAP family in genetic changes,[@CIT0026],[@CIT0027] as well as with previous reports that revealed a function for GBAS in regulating the cell cycle and apoptosis via Ca2+-dependent pathways.[@CIT0012] It is well documented that the mitochondrial membrane potential and Ca2+ production are involved in cell apoptosis, which is associated with activation of caspase-dependent pathways.[@CIT0028] Numerous reports have noted that apoptosis can be associated with mitochondrial damage after agents (including chemotherapy drugs) stimulate cancer cells.[@CIT0029],[@CIT0030] Based on our findings, we suspect that GBAS affects the growth of OSCC cells in vitro by causing cell-cycle arrest. However, the mechanism of shRNA-inhibited GBAS gene expression in the proliferation and apoptosis of OSCC cells was not clear.

A genetic regulatory network was built to investigate the interactions between GBAS and other correlative molecules including genes, proteins, and small molecules, which were analyzed by bioinformatics tools. The results demonstrated that 535 and 439 genes were up and downregulated in GBAS knockdown cells, respectively. In this report, HTT (Huntingtin) interacts directly with GBAS,[@CIT0031] which also has important interaction with CHEK1; this may be another way GBAS affects the processes of cancer cell division, growth, differentiation and apoptosis.[@CIT0032] CHEK1, which is also required for the DNA damage checkpoint, serves as a kind of serine/threonine protein kinase that is highly conserved evolutionarily. In response to DNA damage, Ataxia telangiectasia mutated and Rad3 related protein (ATR) can be activated and then phosphorylates CHEK1 at Ser345 and Ser317. Furthermore, phosphorylation of CHEK1 leads to its activation, which not only promotes further autophosphorylation at Ser296 but also results in phosphorylation and inactivation of Cdc25.[@CIT0033],[@CIT0034] As a consequence of the cross talk, ATR-pCHEK1 activation ultimately results in the arrest of the cell cycle at the S checkpoint.[@CIT0035] Previous research has demonstrated that ATR-CHEK1 signaling has prognostic, predictive and therapeutic value for cancer.[@CIT0036],[@CIT0037] To validate the microarray results, our data revealed that the expression of CHEK1 was significantly decreased in sh-GBAS cells according to the result of the qRT-PCR and Western blots. In conclusion, the data results propose the standpoint of how disruption of GBAS gene expression inhibits OSCC cell proliferation and induces apoptosis via affecting CHEK1 downstream signaling pathways.

The p53 signaling pathway participates in regulating the expression of many genes, and this results in a high ability to control human oral cancers. It is well established that activation of the p53 signaling pathway leads to cell cycle arrest and DNA repair as well as restrains the proliferation of OSCC cells.[@CIT0038] Moreover, mounting evidence indicates that CHEK1 can contribute directly or indirectly to the inhibition of p53.[@CIT0039],[@CIT0040] As far as we know, CHEK1 inhibition may induce p53 phosphorylation and subsequent p53-dependent apoptosis via p38 mitogen-activated protein kinase (p38 MAPK) activation.[@CIT0041] Collectively, these findings provide a strong rationale for therapeutic targeting of the p53 signaling pathway in OSCC. In our study, according to IPA, the p53 signaling pathway might contribute to the abnormal expression of GBAS in OSCC. Hence, it would be of great interest to further investigate whether upregulation of GBAS in OSCC is attributed to p53-mediated programmed cell death. Our data showed that downregulation of GBAS regulated the activation levels of the p53 signaling pathway. Moreover, in terms of protein expression levels, our findings indicate that GBAS can also modulate several vital target genes of the p53 signaling pathway, such as TP53, AKT1, AKT2 and Bax. The TP53 gene may be the most common genetic target involved in the malignant tumor transformation. The protein product of the TP53 gene contributes to cell cycle control and apoptosis. Molecular epidemiological analyses revealed that several cancers, including breast, liver, and kidney malignancies, showed a high mutation detection rate of the TP53 gene.[@CIT0042] Therefore, TP53 might be nonfunctional due to mutations and cannot act as a tumor suppressor anymore. However, our direct sequence analysis has demonstrated that no TP53 gene mutations in OSCC tissues were detected. It was also reported that mutations of the TP53 gene did not seem to be a frequent event in OSCC patients.[@CIT0043],[@CIT0044] TP53 expression was increased significantly after GBAS knockdown in OSCC cells in the present research. The protein serine/threonine kinase Akt, also known as protein kinase B, plays an important role in the transduction of antiapoptotic signals. Activated AKT can promote cell growth, proliferation, survival, metabolism, and motility in several types of human cancers, including OSCC.[@CIT0045],[@CIT0046] There are three isoforms of AKT, AKT1, AKT2 and AKT3, which have very similar mechanisms of activation but are very different in the tissue expression. Expect for AKT3, AKT1 and AKT2 are ubiquitously expressed.[@CIT0047] Surprisingly, Gottlieb et al have found the interactions between AKT and p53, and discussed the possibility of their regulation of cell apoptosis.[@CIT0048] If the AKT-mediated survival signals are aborted, p53-dependent apoptosis cannot be blocked. Notably, it was demonstrated in the present study that AKT1 and AKT2 levels were suppressed significantly in GBAS knockdown cells. Bax was not only acting as the determinant of oncogenic transformation and chemosensitivity but also as a transcriptional target for p53 in human tumors.[@CIT0049]--[@CIT0051]

These data suggest that the effects of GBAS on tumor proliferation and apoptosis in vitro and tumor cell growth in vivo might involve p53-related modulation. Meanwhile, many previous researchers have also shown that the p53 signaling pathway is associated with increased cell proliferation in locally recurrent patients with other carcinomas, which is identical to our findings and further support the notion that functional p53 activation is critical for GBAS-mediated cancer progression.[@CIT0052],[@CIT0053]

Conclusion {#S0005}
==========

The results of this study confirmed the importance of GBAS in the proliferation and apoptosis of human oral cancer cells and revealed a novel GBAS-p53 signaling pathway regulatory network in OSCC for the first time. Nevertheless, only a few functions of GBAS have been well elucidated in our research. Therefore, further study should be devoted to the function and critical mechanism of cancer-specific GBAS in the progression of OSCC, which may provide supporting evidence to facilitate understanding its potential as a therapeutic target for this fatal tumor.
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